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environmental stewardship. This led Buckland-Nicks et al. to conceive of three types of water monitoring programmes:
-those led by government with a view to collect high quality data for the purposes of decision making and management. These programmes may involve volunteers, but the emphasis on collecting high quality data may make them more suited to staff data collection and may make it more challenging to keep volunteers motivated.
-integrated programmes that seek to generate high quality data while at the same time secure community engagement and support environmental stewardship. These programmes may be instigated by a variety of parties, from government through to NGOs and community groups. Focus is on quality data but with some flexibility in design and implementation.
-basic programmes which are designed primarily to encourage volunteer engagement. These programmes have educational goals and are less concerned about the rigour of the data collected.
While the authors highlight that all three approaches can create public awareness, provide useful watershed data and identify environmental hotspots, they also argue for the importance of planning and aligning the project goals with the approach taken and that these need to be aligned to the resources available. Converse et al. [2016] also highlight the importance of planning when developing a citizen science programme, but particularly highlight that ecological monitoring progammes need to be of sufficient length to enable ecological trends to be measured, ensure that relevant data are collected (particularly if some agencies or groups do not collect yearly data) and allow time for the programme to gain visibility. The Bosque Environmental Management Programme is a partnership between a university and school that seeks to provide 'science, education, and stewardship of the Rio Grande and its watershed through long-term, hands-on student research of ecosystem response and function to inform policy' [BEMP, 2015] , so its mission is both educational and to inform environmental management of the watershed. As such, this programme needs to secure ongoing support (including financial) from these local agencies over a long period of time, and the article explores strategies to facilitate this long term engagement and support.
There is much discussion in the literature about the potential of citizen science projects (particularly those that move beyond citizens as data gatherers or processors) to enable more democratic participation in science. Del Savio, Prainsack and Buyx [2016] argue that even projects that involve citizens only in the supply of samples and funding of research can enable and encourage participation. Focusing on three projects that explore the human microbiome, the American Gut Project, the British Gut Project (both run by academic researchers) and uBiome (a commercial venture), Del Savio, Painswick and Buyx argue that the lack of traditional funding route gave 'citizens limited but not negligible direct power on agenda setting and promoting the democratic aspirations underpinning citizen engagement initiatives'. They also argue that this type of project can catalyse discussions between researchers (who need the funding and samples that are provided by volunteers) and citizens at least in part because crowdfunding is imbued with a democratic ideology (even if this is not the driving rationale of the scientists).
Motivations
Bethany Alender [2016] finds similarities between citizens engaged in water quality and those more generally involved in environmental volunteerism. She suggests that in the case of environmental monitoring, participants may be motivated by a desire to contribute to environmental stewardship. Thus, for her survey respondents, the three strongest motivators -'helping the environment', 'contributing to the local community' and 'connecting with nature' -are also shared more generally by those involved in environmental volunteering. She also points out that volunteers felt strongly that the data they collect should be made publicly available and highlighting the intersection between citizen science and open science (and the need to consider how data might be made 'open' at the outset of a citizen science project) and that volunteers want to know that the data they have collected has had an impact (e.g. on policy or management), also highlighting the need for citizen science projects to build in opportunities to communicate with volunteers.
In the online sphere, Jennett et al. [2016] explored the relationships between motivation to participate, learning and creativity to develop what they call the MLC model for citizen science. This model considers motivations (which amongst their interviewees was primarily an interest in contributing to scientific research) as the driver for becoming engaged with a project and then explores how participation influences learning and identity as a volunteer. They suggest that the community that exists around projects is crucial to enabling volunteers to participate in and learn through online citizen science projects (e.g. through supporting individuals to gain relevant knowledge). This community also facilitates the development of volunteer's identities as they are then able to support new volunteers and begin to see themselves as part of a community. Creativity sits alongside this in projects that facilitate community involvement (e.g. through suggesting improvements). This study highlights the importance of the social and community aspects of citizen science projects in online environments, offering insights into both the design and evaluation of citizen science projects.
Learning
While the primary purposes of many citizen science projects are to enable citizens to participate in scientific research and to collect useful scientific data, there has been an underlying assumption that through participation volunteers will also learn something about science and possibly also about the scientific process. Roger and Klistorner [2016] point out that it is not just the volunteers who learn, but also the scientists. Examining a BioBlitz in Australia, Roger and Klistorner [2016] focused on the potential of face to face citizen science as a means of opening dialogue and stimulating two way engagement, something that was valued by both the scientists and lay people participating in the event. The opportunities afforded by engaging the local community in an event that opened a dialogue are discussed in the paper.
